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(54) ORGANIC EL DEVICE AND MANUFACTURING METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic EL device capable of realizing a characteristic 
easy to be handled, reducing luminance and having a long life, while having low driving voltage, by 
obtaining the organic EL device easy to be formed by coating of an organic layer of a laminated 
structure, having high luminance, a long life, high efficiency, high reliability and easy to be handled 
and using a stable kind of metal salt for an electron injecting layer. 

SOLUTION: The organic EL device is provided with the electron injecting organic layer containing 
organic metal salt and/or organic metal complex compound of metal having standard electrode 
potential of <-1.8 V at 25° C as a layer in contact with a cathode and formed by coating. An organic 
layer which is in contact with the organic layer and contains a high molecular EL material is provided 
or an electron injecting layer containing inorganic metal salt and/or organic metal salt of metal having 
standard electrode potential of >-1.8 V and <~0.8 V at 25° C is provided. 
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JlRIIStCifcbTfc, 75 /m (flUtf '7x^/1/7 5 
SM) , xhnl, S/77S^|l»«nTV>Tt«k 

[0 0 4 3] C©«fc5fc&*vefc, RitRst&TA/* 
;l/S t ft « 7 U -;Hf, fro R 2 aVKJRKi^fcS ffl 

Rifr 7 J<f!SM?T\ A^RztRafcT-^yifyJi 

[0 0 4 4] -fi, Wtt&fittMi, 7/V3- 
i/\ #gtScffi : ?fc(OlHfii^^--gP#abTV^TtJ; 

[0045] tuv^ymtLz^ mmmx-h-DT^ 
mm-z°&iT&^\ mmmtiiv^ymtL-zit, mm 
mmi~z 4 cd t ojwf s b < , 

Tl6oTfe=Fi«UliaMi*;I/#>B , ra5r>Tfe J: < > * 
;l/d-**i/;VS*2f@W± ; &-r5to-C i ^oTt «fcv 0 S 
fc, 7U-;l/gi|(D^S5:WbT^T i E>J;^o 

ei4, im, 7atr*>K, xtmm, <iv*?m 
Ttiym, vvvfrmftEoffiffimtifrtfywt, * 
i"fy&s v~y/ -urn 0)*s/i>ym KEv^fm 

3fS8l*7i/#v»i: bra, HK«7~24©feo*W 
SL<> BSIS(R3l5SS[l~8 07;I/*;l/S, kFn* 

o- (t-7^;W Kill, m- (t-7^;W 

m-(tFn^-»g,|fl, p- 

[0 0 4 6] 7xy-;l/fcbTfi, SK«6~4 6© 
tOAWSK, H«S(K*ai~8 0ot«ttSft{t 
^tt«07;I/*;l/S^ 7i-;HS07'J-/Hf) 

S^)«rWbTVTfc.t<, li«D7i7-;l/T$o 
Tfe, r«tt±0^l07x7-;l/fSoT ! f)J:v\ ^ 
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ttftfctt, 7x/-;k ^7h-;K 4-7x-/V7i 
/-;k 2, (p-tFa^>7x^) 7*n 

[0 0 4 7] 7;l/3^>F*JBfi8T«7;l/3-;l/i:LT 
W\ OcDfeco^Sff l<, x^7;l/3 

-;k n-7nif;l/7;I/3-;K n-7^;V7;l/n-;V 
*©SHR7;l/3-;l/, V7 p ntf;l/7;l/n-;k s - 
^;l/7;l/n-;l/^OS-»7;l/3-;k t -7^)VT 
;l/3-/i/f(7)$Hi7/l/a-;[/^Hj()W^ti§ 0 $ 
fcv -«tt±0*«i7;V3-7l/T*oTtJ:<, 

[0 0 4 8] S^7;l/+;l/75 F£LTte\ SSfcBlfta* 

C-2 



74 



70 



F> N-*?7U-N-x*;l/75 F*tf*tf6h*p 
[0 0 4 9] #»felKBoafrTt, T/lO+S'F* 7 

[0 0 5 0] cOck3ft*^*ft*ffl^*©tt, 

[0 0 5 1 ] coj:54*«^JRia*3J;t;^«^JSffi(* 



[0 0 5 2] 

[fb4] 



C-3 



C-4 




[0 0 5 3] 



[ft 5] 
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15 



013 



C-15 



C-17 
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[0 0 5 4] 



[ft 6] 

[Ca(0C2H40)] n Mw=2,000 

Ca(0C 2 H & ) 2 

Ca(CH 3 C00) 2 

CaCOCeHsh 



*K>go°)].. 



C-23 / ?2 H 5 \ 



C-18 

C-19 

C-20 

C-21 
C-22 



C-24 

C-25 
C-26 
C-27 



Mw=2, 000 



Ba 



(^HaOCHa \ 
ch 3 /: 



PH2OCH3 

CHj 

Ba(CH3C00) 2 



[00 5 5] cne>tt, iao*ffifflLTt2a«±^ 

[0 0 5 6] B&ffifcJ£LTS»e>tt**FaAtt 
h'J7 , /-;m, +/+^'J>^> 7it>hny 



40 



to, *#PE L 
^7V-;l/SS, 

[0 0 5 7] C 

[0 0 5 8] 
Hb7] 
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(12) 
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E-15 



E-16 





E-17 



E-18 



CbH 17 



c eHi7 



[0 0 6 1] Ctl<b<D{t&mi ia©*ffl^Tt <fc<, 

[0 0 6 2] «?ffiAttO*««fci3V^T, *?M£tt 
k <k tf / £ fc«3r«&JB$f*{t£tt i: 

msfwt^wa^ft < ft a t > WfttAtt^ffi < ft So 
si*tti:o*a«a^%#*bT, am, 90/ 

1 0~1 0/9 OOSB-itt^nSo ftSfcft 

[0063] *»Bfcfe^T, a?aAtto*n«aa§ 
[oo6 4] mmmmtstotL-zii. ±IB<Dlr$&& 

[oo6 5] «?aAttownui*aiffl«jgfc-r 

[0 0 6 6] £cDJ;5ftl8f)ii:L-Oi:. ftt->'j3-y 



Mw=10, 000 
Hw=8,000 



S R 2 1 0 1 ft if) H^35§c 

[0 0 6 7] m^aAttOWffilKfc^T, SBffiRlffift 

©il^Jtti:, S§fifnjf£ftiil»/ 0fr«$»frfe.fctf/3: 
fctt*r«&IBiSM:£») ©f»fcJ:SJfre, 7 0/3 
30 0fitTT?*«iil:*WSLv>. SE«|BIflEft«HiB*'*<4 

3B»nr^4»K*fflv^i:*, ^H^Si:©^ 
W4ift)#*UT, 5 0/5 0-1/9 901^ 

[0 0 6 8] SEffltt, JB^Sffiflgfct>J:**\ 9ft ft 

(1 5 1:~ 3 5 °C@S©*gfi) T' 1 ~ 1 0 0 B#IHgS?T 

So 

[0 0 6 9] «?ttAttoWMItt, iftlciDMS 

fat, * : ?aAtt*w?)ti4<4ao 
[0070] m^mx^^mm^ mts. 1 Hssw-e. 

fta*\ «^c«fc^T{i2SJU±i:bTtJ:<, *■©£ 
[0 0 7 1] c©*?£Att©#liJik:J8l.TKW-?> 

[0 0 7 2] fif#FE L8W»flli, S«TO^? 
50 IMwt^OOOHiWSK, S5fc»5 0 0 0~ 
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[oo7 3] «#?e LMsti, wttE LUk^mm- 
i^ELm ewfc-rsJiKjsuT, Jiangs 

[0 0 7 4] ffifrpEL&ftfcLTHu *ttAfyCte#U ' /0 
7;V*b>fc*J:tf*©3iaM*, ^'J^-57x^b^lf^ 
H'fc.ktf *©»§»&, #y e7x^PV^P>'fc- < J; 

Sl«^, s^Jt7f l/>£xU:/:fc,};tf*©$»ft> # 
[0 0 7 5] dne>cDiS»?E Lfflli, JgTSHtfS 

L<tt, 5^fc*IIALTiS5B t {fcLfc&©-?fcS. 
;k 7>h7-t:X -f7^-try, r h^-feX 

yv-fcifaw&ftSo jo 

[0 0 7 6] c©J:'3ftffi#?f»fctmi:LT, 5?£L 
<fi, #y Vf-;l/*;l/^y-;l/ (PVK) , TIBjS (P 

-l) w;'jA77i^i/yfci/>ii($ (ppvk 

«W*) , fc^O'TBSiS (P-2) <D#V7V-J\'7)l* 
[0 0 7 7] 

ntioi 

[0 0 7 8] (R(i 2 -if ->1T'36 
0, R' ntt3£fi*£U Mw 

Ii50 0 0 OTfeSo ) 

[0 0 7 9] 

Cfti l] 
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(P-2) 



[0 0 8 0] (Ro&^tfRo' &&47;i/*;VS"?& 

DSSSST&t), nfctS^SfcSU Mwtt5 0 0 0~3 
0 0 7?T'SSo ) 

[0 0 8 1] ftfrTfc, n«?«S^©ift^WfcW 
(W*fcmi£©# y 7 y -;P7;l/* U>Si^f*^) *W 

[0,0 8 2] cnSOl^fEL^filillWffl^T 

*fie±f*±T?tt, i«#?EL*m©Jl£ftf<:£J6S$iJ 
£tt 2 0 ~ 1 0 0 % (MW^sp) iW* L < , S^t 
$?S L < B 5 0 ~ 1 0 0 % mWSftm T'SbZo 

[0083] ^mnm^i-^mm^mm^h^t 

y$uyffim#, ryh^^yio^^nmrnw, ^y 
u>i3 J: if *©»*(*, *'J^f^ wvf>£ 

*/yy*j:tf *©«*#©&«»#, ^§0=75 ^ 

f h 77ii;W ^lyfeitffoiifc -f 'J -77 

(*\ 1# HflBg 5 7-5 1 78 1^, 11)59-194393 

[0 0 8 4] C©«k5a»»^flMi©WSf±, ffMf£ 
fctxfcStf, -Mmcli.1 0-2 0 Onm-e&Scfctfjf 

y-^t^-r<^5o 

[0 0 8 5] nwt6n* 
*\ if-a-t<koTB2SW±fcLTtcJ;<, ^©fctfi 

[0 0 8 6] *%BJ3©W1SE L*?«\ l&SfcSLT, 

^(ctomufcw^aAttoWiBH^iftit, d©m 
#£l<«, ss±ts i mat LT»s*jB 

[0 0 8 7] d©Ji^ T«il*S«i:^ffit©P^t, 
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h (PEDOT/PSS) , #U7x>J V/*»jXf-l/V9-;l/7 
(Pani/PSS) > &JS7#Ov/7x;y£ 

[0 0 8 8] *5ffiOf»E L**©Wttffttte"3^ 
[0 0 8 9] COJC^^atfcfT, iS#?EL*m 

(Wc, «»?«3ttWI*) «, i!u£Ii©£*5D, ffiSHMt 
■&tt£0ffflLTfe«fcvtf, i&^PE L #**©«£#££ 
feSfJ^-tt 2 0-1 0 0% (MMW5M0 sWff * L < , 
v£5fc#£L<tt5 0~l 0 0% (KMSttm T*3b 

s. «#?$#©* mwsf,^ t±m\mmz * o aura 

l!oft»Tfc«ftli, #f«#5 o o o*ii GMf 2 o 
[0 0 9 0] ifftf^E LTO£^1"3TJl©ffM;£i£ 

uv> 0 

[0 0 9 1] C©S5#f E Ltffi*$WfSTJi**fS 

1,2,3-F y ^DD/n^>%ifOAnf fh7t 
Kn77V(THF)a£©'vfnS|8R, ^§©W$I?§!S©{£ 
ffl«5t$5. at&KIRLTttO. 1-5% (KM 

[0 0 9 2] 443, JJKMWStt, TH^7--;l/L/i 

V\, 

[0 0 9 3]-^ c©<fc?£T«tffl#£fcrti:Tfflv> 

i)J8KSl8S3~6 0««{fc^*Ti!6oT, #?rtfcK* 
Un~3©7;U3*i/g, *;I/#n;PS, SJtflKftft 
2-3 ©xXr;l/Sfr Sjilf ftft l SJiUifcW U fr-o 
Cft£©g©ate£J;U ; V / 3:fc«/3ft (S? Striatic 

- 6 ©a«{b^*TJbo t, 2-4 ©s> 
©fmf t^sre* a xxt^k * 6 mc i v) 4 

- 7 ©aWMk^ft-e* « * h A 1 & * ft ft l 

aw±©ft-&ite^fflfe.ftfto 
[0094] cc-ea^sffittisaitt, wwelws* 



(14) #P»1 2 0 0 3 - 3 4 7 0 6 1 

SWitiitglf;: <k ft li&ihmm 6 ft 4 ^ c t sWiBS 
ft, S/fc, XUdlfff^tff^^oTt 7^1/7 rXBI*^# 

SftTVScfctffrfrS,, c ©7*4/7 rxiiH:, 
ftfcttSffl&tffcS. ih ii)©ft^Wcfc^T, ISM 

^T'-^ttt)liJ¥©l^-4»^iEL<*So ill), i 

t«kft 0 i&fo7;l/3-;Wi, K*S*M>&^i&£ 
O&SSStfilfC *r«EL*m©smi*}a#, *t§tff5 

20 u-^tfttv3K)i*%b- , fr<*ft 0 $p>tc 

U-^-TVo S/c, f h7tFn77> (THF) i§©^ 

[0 0 9 5] C©«fcdft*»}S«©*#«!li:LTtt, 2 
-^h^^x^y-;K 2-lh+i/l^/-;K -YV 
7Dtf;Hrav;b7, a^^f-;!/, IL^xf-;K 7-th 
-TV, ^7-tr h ^7;U3-;k 4-tKD+->7^/ 
30 rntr^-O, 2-tFn+->-2-^f;l/-3- 
7^7X S^^^1/*;I/A75 K, ^^f-;V7-fch75 

tert-7f-;K M^y^, 2 - ^ f-;V7f-;K 
PK3-^^7^;k «7^;k « 

^+~>;k ii^7^;k BSKx^;k -YVKffixf- 
;k Ki?7nt?/k M-TV7nt°;k 7ntf;b7nt° 
*^»» 7f;^Dtf*>«, tert-7^;k7ae*y 
sec-7^;l/7otf^->^ S*»p<f-;k -TVS^ 
40 K^^k ^#®xf-;k -fyfPM|x^;k K®x^ 

[0 0 9 6] JJifllWWlO^JStlSLTtt, ±;ZE©^ 

*»«fc*?|iailt«ft, *S^H^ft(k^%i^©^|f- 
M&tfo. 1-5% (K*W^*) ta**5JMP*h 
5Cttf!fSU\ MtiLTtt, Xlfya-hiS, 

DIOOiOfc*, SR?**y h7k-h«T«LTt> 

jo ip^tt, at5 o~2 8 o°cea©^ST-$D, 
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[0097] cco£?tj;±Tm<Dmmmm<D^mmb-$ 
ft^ot, *aui®*ttE sua© s 

MiE©i:fcD, Rlttt^Uv-SOTl 
[0 0 9 8] ZcfcU ^©tiELtftt, ISffiK 

[0099] mwm<Dmi£\$, -m»mLtzh\ -mm 
tea, lffiftl m;m\c&zt%te, o. 5~io 

OOnmftWtlX, <£ * L < « 1 0~ 5 0 0nmT-& 
§o Sfc, SffiIMUS^03«»jSt«kai:t{i, i~5 
0 0nmgST&5o 

[0 10 0] ii)2 5°C}Cfctj--5liWWf]i-l. 8V 

w±- o . 8 v«To&S!&#-ra««^jsifi* .fctf / # 

£ C © J: 5 &&S£<Z)&i5 1* , 2 5ttW5 
tttttf - 1 . 8 Vtt±- 0 . 8 VUTF© t<07*»). * 6 
Kff*L<tt, -1. 7VOJ:-l. 1 5VJ-XT©&©T 

cio«k3aiaatt, ttiwwwu. oevw± 

(±Ett>Iffi6eV8fi) T-SSiltWSLK 
[0 1 0 1] £<D& *>%&mt LTlt, A 1 (III), 
Mn (II) , Z r (IV) , T i (II) , H f (IV) , T 
a (V), Nb (III) , V (II) A 1 (II 

I) , Mn (II) , Zr (IV) 4WSb<, S6t 
Sf£L<«A 1 (III) , Mn (II) T&D, 
L<(iA 1 (III) 

[0 10 2] fctfc&R&fcLTtt, &tt&e>7j<3R£&jS 

fctt, Ififfcft, 7y{fctt, IMbtt, 3 7{U^f) W 

[0 10 3] WH^JiigtbTfi, fflNfc 
;k S?7;l/*;b75 F©7fc£&&«T'SlfcLfc&©T?& 

ffi, 7;bn+->F, ^W/l/TSFdSft^WS 
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[0 10 4] */I/tf>i?tLT«, -^Tfc 55 

i ~2 4«t«ws l < , flaaeasaji* ^usp >» 

fctt, its?, 7o^yS, <fv*9?'i\/ 

/o u>r y 8!, U S/ / - A# (iJWI/ >$0 * if ©^§&*q 
■HSR* i'xyi, "jydS, v^7I?l|© 

^mmti^ymt i/c», ^^7~24©fe©*w 

1 IL<, W8S($ifi8n~8©7;l/*;l/g, tFo+ 

o- (t-7*/W fe» m- (t-7>/W am 
M, -y-yf-^K, m-(t Fn^j/)gm§^ p- 

[0 10 5] 7x7-;l/fcl/Oi, «K«6~4 6© 
20 fc©tfff*L<, «W(KJl«l~8 0iaitt*fctt 
#l&R©7/l/*/l'8- 1 ?>, 7x^;bS^©7 , J-;l'S^) 

S«§)*WLTI/>Tt,J;<, lffl©7x/-;VT*o 

ttWKM:, 7i/-;K t7h-;K 4-7x-^7x 
/-;K 2, 2-tTx (p-l;KD+->7i-;W 7n 

(trx7x/-;i/A) fcifawsnso 

[0 10 6] 7/l/34PS/F£ffMT37;I/3-;l/i:LT 

30 -;k n-7aif;l/7;I/3-;K n-7^7;bn-/U 
^©H-i|R7;l/3-;k -i'V7nt!;U7;l/3-;K s- 
7f-;i/7;l/3-;V^©||r|S7;i'3-;k t-7^;b7 
;l/3-;m©^Hi|S7;U3-;l/« H*«j*tf e>ns 0 i 
ft, -«5«±©^ffiT;i/3-;l/T*oTt«k<, ^J^-tf 

[0 10 7] ^7;l/*;l/75 FtLTfi, ^5>ic§ilS 
?:WLTV^TtJ;<, ttK*a{i2~2 4T»*Sci:*' 
»*U\ *j*«KJ±, ^^^;b75F, v ? xf-;b75 
F, N-^f ;l/-N-xW7; FStfW^W. 

^o [oio 8] *«&»B0&fr-efc, 7;l/3*->F, 7 

x/+->F, »|gJfi*if*W$LV\ WfcJJ$L<tt7 

[0 10 9] C©.fc5*^Ji^fflV>5©{±gS14fcg 

[0 1 10] iK0J;54iIlOIft»«TtSt o 
[0 111] 

Cfki 2] 
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(16) 



29 



2 0 0 3 • 

30 



•3 4 7 0 6 1 



AI(OE0 3 AI(OiPr) 3 AI(OPh) 3 




Mn(CHgC02) 2 
AICI 3 

Zr(OEt) 4 

(CH 3 OCH 2 CH 2 0-h-Al 



CH 3 CH 2 q 

OE t 

HC AL 
CH3 



CH 3 CH 2 C^ 

Vo 

CH 3 



Mw=12, 000 



Ak 



,C=0 
CH 3 



<PH 3 
CH 3 



[0112] cne. iao*ffl^Tt 2a«±*flffflt 

[0 1 13] cOckdife^)l^$W1-?»*?aAtto 

(A 1 q 3) ^OW^HiMttWfcii^LTfflv^TtJ; 30 

fib, cO£9&#JSi£©tt?&A14C>Jf'f'C>#W 
■ttl 0% £9S?£L 
< tt 5 0 % (f»E#*) «±?fc<5. 

[0114] co&onw&mx&omommkLx 

T<Sft#K §?£L<ttl~l OOnnk <fc0ff$L<« 
1~3 OnnSlfiT'feSo 

[01 15] co^&m^aAttoJi^ 

[01 16] coMoME LJfc?o*tM]gja#& 

[0 117] &*&j£fcl,Ttt, ^e^3-btt««ff*L 



Mw=20, 000 

[0118] ^mmas^T, *r«w*»jstsfc«><o 

*r«*mfcLTH\ HHtfi«EL*flclV^hT^ 
-;HKaitt#»©^Si-p*«) ftif^fflv^sc twins 

[0 119] ^HHtLTtt, W*tf, i8*Ptto»v>iK 

[0120] tfc, j&fcia lit'feotfc zma±$> 

[0121] aramaWfMf©»*HPE L*ffl^;a# 
?JfiW05Blfitt«0*ft:«U4, MIS i ) <0 1 C Z VlSffl L 
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[0122] immmmntLTiz, m^om^mm 
mm. *-mmmmm^£ttf-?z, mm 

[0 12 3] *-;MH2i1t*fStbT«, W'/'jyR 
*{*, 7y-;U73>ll*f*, X7^l"^8§3i#, HJ 
7xx;l/^75yS§WM§£*tf5<: t^T#3 0 

[0124] m^mmmn tLxii, **yv>7V- 
j 7 y x i/V 2 ^Uifffoiift, 7Mi/> 

[0 12 5] HftfityCtt, #|»W6 3-7 0 2 5 
ffi, 11163-175860 ^&$g, ftfflW- 2-1353 

5 9^Wt. [H 2 - 1 3 5 3 6 1 *§&$g, HI 2 - 2 0 9 
9 8 8*tiHR, 1113-3 7 9 9 2^$8, IH 3 - 1 5 2 
1 8 4^£«£iB«SftT^afc©&if££tfSCfc# 

[0 12 6] ^IC^-^iftjMtttfftfcLTfcH, 4 -If 
X (N (3-*?7l/7x-/M -N-7i^;l/75/) 
K7i^K «?«ffiitttfSi:LTtt2- (4-lf7x 

-'J;W -5- (4- t -7?)Vy x-)V) -1.3, 

X MJX (8-*/U/vh) 7;V5x-7AAWSb 

[0127] iiti^o^, m^iijMttofk^t^- 
[0128] wffi(KM*m<Dteffl«a\ teffif sft^i* 

ffitt*m (IgfttfR) WtLTl~4 0% (SSH 
£*) TfeO, <kt>»$L<tt2~3 0% 

[0 12 9] Wih?«y£tfS*fflv^ft«^oajl£BoBt 
JPtbTfiO. 5nm~ 1 0 )im , SSL<li 1 ran— 1 n 

tt, 1 0-5 0 0n>©SB1H^SfSLVo £43, ^fpj£fc 
±5*«ffcLft«^fcfi, »f**|»*-rsfc«>, MET 
**^tt*lStt»H«T, 3 0-2 0 0°C, !?$L<tt 

6 0-1 0 0X.<DM&T*tnm8Mt&c£tm£L\,\ 
[0 13 0] $fc, *«faA*KaS»*583t«.OTSit)B 
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< tt^7^iMatf 2 0 0 'CJULh, <fc L < » 3 
0 0 °C4Xh, #fC 3 5 0 'CtiUtMt&faWWS. U\, 
[0 13 1] W»0*-^A<ftSUiOJ??ft«J:tf* ; ? 

figtf&fCfcoTfcg&SaV il^5~5 0 0nmga> 
fcl 0~3 0 0«itt8Ct«i!EFSU\ *-;HoaA 
/Itii3MJl£*iatt3i§l=rtf, ffiAJU* 1 nmJ-X±, W& 
10 UttlwOJUifc-rsoSWSU^ c<Dfct©&Aji> 
*2!Ji©JPS<D±fRti\ att, aA«T5 0 OnmSS, 
ISIT'5 0 0nmglgT-$)So 
[0 13 2] ^ffiffiKfcttSWTOf&SfCfflV^ft^jg 

[0 13 3] 2-30S«W0H»c|?ffi*}BiKS-a:5Jg^ 
ttt, TJfco^S^xtfyn-htctOffML/cJf^ 

[0 13 4] 2^©#OT©JM*J&S*«ft^i&&, 

fr^cfcfcJ:*), 2 JHB& 

#\ Sfctt K-^> KDii-a-tt*^ KMJtT? 1 0 0 0 : 
1-1 0 : laa-pfeSCfc^jffSLW 

[0135] cct^aa^atio^ifi^ns^aji 

©BtJP«\ #«liaSft(3»tL<tt0. 5-100 
40 Oniik J;f)j!fSL<{i 1 0-5 0 OnmT-feSo $fc> - 

-10 0 Onnk Iffc 1 0-5 0 0nmg£T£5 o WTO 
[0 13 6] JCUt, li)©*?ffiAttOJi*ffll/^S«^ 

<, *f*c«fc«, « ; FffiAttOWflMiJXJt-»4Wf30iW) 

jo WTO^tmiitf *cfct»$b^„ 
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33 

[0137] ^fswcfcvT, HUKEotfco^ mmic 

T, MfBi), ii)©«?aA14©Jfft s 18tf SftT^S© 

mW¥*>&^%-$<D&T\ Al, Ag, In, Ti, C 
u, Au, Mo, W, Pt, Pdfc^tfN i, #£A 
1, A'gfr£3HR£tlS IMS fc(i2a^O^«7C*^ 

< , 5 0 nroJ-iLt, 5f t L < 1 0 0 nnO*± t ttili «t 
l\, ^©±llfc:teWcM«ft^*'\ iI^iiJiEte 
5 0-5 0 Onm@at-rn«'<fc0\ UfctfoT, 

Aflat lt, am, fflv^na, w*tf, k, li, 

Na, Cs, Mg, La, Ce, Ca, Sr, Ba, S 
n, Zn, Z r ^©^JlnJPift, ttefi^ftSfc^tf 

[o l 3 8] ism (*-;l/ffiA«® WBfi, 
AiiMIf ?a$<k < SAtS <: i: OT*f S t 20 
©*WSL<, ft*f§&4. 5eV~5. 5eVOtlK*W 

sua, *#«fctt, W,Y--m.{t^y^L (I T 
o) , m&Y-?m\MyWh (izo), wis-fy 

v^A (I n2 0s ) , BKfcXX (S n02 ) feck^K 

ttstt (zno) ©^•rn^±fifi)ttb/ct ) <D*ws 

LTVTf>«J:V\, IT0WIn203 tMtSSnO 

2 ©jg^jm, i~2o% mmsftm , s^t&s 

-12% (f»Sft*) »ILl\ Sfc, I ZOT© 
I ri2 03 iCftfS Z n 0 CDM-a-ifct*. ilfS, 12-3 JO 

2% (KMSftm m&T°&Z>o *-;]/&A*Itt, tt 
*B8»*8Sfi-r«fc«>, ffifbf'Jny (S i 02 ) 
WLT^TtiK $Hfcv"j3> (S i 02 ) CifsMW 
It, I TOfi-ftTSS i 02 © ^PJtTO. 5-10 

%gS*WI:U\, s i 02 *^*-r*c4:lcJ:»), I 
[0139] tt*«i»}ttitfli©«*4, j-waii 

icHSf 1 , JSKttWm, iim4 0 0~7 0 0nm. Iff;: 
&f8^{cfcf-f 5 o %&±, S 6 fcfi 8 o 

%J-X±, #t 9 0 %£LLT&5 C fctf«?3: U\ )SiW 40 

[0 14 0] ^-^aXftSOIP^fi, 5 0-5 0 On 
m, #fc5 0~3 0 0nm©fEH*W£U\, ^© 

Htflf e>*rf , l«lB$©«a^©£? t IRHA<««. 
[0 14 1] ft*, IMte, 3*»ffiKJ;t)^*h*o 
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5 0 0nmW±-C&3C t*WtLV>„ ^o±pgt«!|ttc 
SMU&ftV^, 1 0 0 OnmgjtT'&S, 

[0 14 2] 5 6fc, J^0fflMPmo£ft:*tt<r 

[0 l 4 3] «Wlt*V^T, S«E L«jtf**JBj3cf 
SSlSfcLTtt, $AKStii lilftvX, 53?ft 
if) , SUSIS (0>J3.tf > Si, G a A s , ZnSe, 
ZnS, GaP, I n Pftif) iiWif 6*1, SfcdftS 

©&Slag1&fc*ait i Jt, IfUMfeS v>«AH©/ 7 rm 

LTfi, Mo, Al, Pt, Ir, Au, PdftHfcffl 

tf, *'JxfVl/f U7f U-bftif) fcja^scfctf 
[0 14 4] S6K, *f§Bj^©*?^, ¥ffi±K^»36 

So 

[0145] S^tfe7<-;v^-^^tttiK^^€y 

[0 14 6] *%WO««E Lfg^tt, HUT, Iffll 

6 /<;l/Xffi«iS!©EL* ; fi:LTffl^6n**V 3cisSt 

liwsctfeftSo EniBmEti, am, 2-30 

[0 14 7] 

«»] ot, *%wzmMMic&-DTmwmcmw 
[0148] mmmi 

7Affi^-^-9--T K) US (2 0 OmJP) ^fiScSnr^ 
SS«© I TO±te*-;W£*JiTfc*-'<'f hny(Bay 
tron)P 0Wx;HtS^tUH : ^'Ji?l/>->W 
-Y W7i^tl u xfi/>x;V* ygfi: ©^ u v- 
©ii^-xK^BXffi) £JS^Txeyri-h-?4 OnuJPKJg 

[0 14 9] ^cv^, *-;matt«3M*»*Lft. 

(SC (P-2) T?**ti*{t-&») * 
j8»**, Xtfyn-hT-7 OnmJptffMLfco C©^ 
fl?ffi©fift{il. 5% («»S^) T*&3o 
[0150] «?aWHWMI*Xfcry3-h 
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;mm# m^it-MBE- n 5 o^/w^y (7-t 

WthtHtFUWafKNa (acac) : 

ei^ft^fljc- 1 ) 5 o^Mt<DU^^mmt^s 

xt? yn- hT 1 OrauWdHAUft. colfflioia 
ttO. 5% (M«W^) ■V&ntco 
[0 15 1] 5 0 tJT*3*a** 1 ^Mff o 

[0 1 5 2] ^^T, *©±teRW*lda , W&fi)iL;fc B 

(ffiB&Wi) liAlt-2 0 OnnilpfcffMbfco /0 
[0 15 3] £©£5fcLTf#5ftfcWlfELfli ; P©l 

0 mA/cm 2 1 5 0 0 cd/m 2 ( 3 . 5 V) t) , 
iife©«)fc^tf S>n, 1 0 mA/cm 2 SWSSEKl (ArSX 

[0154] mmm2 

£ft E - 1 ©frfc 0 jJIJ^fb^&E - 2 (#*+J-^7 
V-^KW^OsHUV-) x^Hzny/I/T'© 

1 fcWafcLTW* EL <l(0«fc5fcLT# 20 
£ft/cffliE LSI?© 1 0 mA/cm 2 TOWfitt 1 5 0 Ocd 

/m 2 (3. 7V) »fe©B}fciWt 6ft, 1 OmA/c 

m 2 £SM»J (A r #XT) T©Wfi¥«8Jtt, 5 0 0 

[0 15 5] HM03 

<rtfcE-lOfrto0fc, ^{t-£ftE- 1 8 (^7^7 
y-;I^ift:©^yv-) £ffl<,\ xf-;HznV;l/7© 
*»*>•) t ^^7* h 75 F*JBv>SWfl.tt, 
1 t|B)«}CLTW«E L*?«#fco C©.fc5fcUT^ JO 
e>nfc^E Lf£f© 1 0 mA/cm 2 T©)BPS« 2 0 0 Ocd 
/in 2 (3. 7V) -J?$t)> g€l©fS)Ktf#5tU 1 OmA/c 
m 2 !£«S§gij (A r #XT) T*©»JS¥Sim 5 0 0 

[oi5 6] mm 4 

MUkit&hE-l 0) 7 5*;W 
tt/ (7-fe^;l/7-bhf-h) *D*,&JW: (K(aca 

c) : mmt-sm c - 2 ) 25 w? a xttwsw 

tltffll^KWitil kH«tUeiEL*f 
*ifc. . 40 

[0 15 7] COJ:5fcLTl*6nft*rtiE L*?©1 
0 mA/cm 2 T©l^)tti 1 2 0 0cd/m 2 (3. 9V) T'fet), 
Sfe©fStt#»?>ft> 1 0 mA/cm 2 £tt«tlgfj (ArifX 
T) -ecWfi^SEWtt, 4 4 0«ffln»*oft. 

[0 15 8] H»J5 

Pi tH«fcLT#«E L 
[0 15 9] JI©<fc9fcLTt#5>tXfcW<iE L*?©1 
0 mA/cm 2 T©S)t{4 1 0 0 Ocd/m 2 (3. 8 V) 
efe©f63foWf&*l, 1 0 mA/cm 2 (A r #X 50 
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T) T©ws«wi, 32 orara-efc^fc. 

[0 16 0] jlM'J6 

©ftfcDfctRKsfb&fcC-l 3 (Ba(acac) 2 ) 
v\ *W«mi:WI«lfcbT«lELJlS?*f»fc. £©<fc 
7tcLTt# SnfcWliE LiK?© 1 0 mA/cm 2 -£©fffi« 
2 0 0 0cd/m 2 (4V) T'J^ !8&©fBfcff*#5ft, 1 
0 mA/cm 2 ^«)5ftlEi) (Arii'XT) T©S?g¥M»ftt, 
5 0 OWt'ferjft. 
[0 16 1] JtRffll 

S AttW«W ©ft *> t) fc 7J ;l/ '> A t <* i X 

[0 16 2] C©j;5ti:LT»P)tl^«ELlR?©l 
0mA/cm 2 T©)Satt9 0 0cd/m 2 (3. 9V) TfeD, « 
feOfBfoWS&ft, 1 0 mA/cm 2 (ArW 
T) T©fl3pg¥i$}8&, 1 2 0B#MTf6ofc. 

[0 16 3] Jttt0|2 

i To±i,c*-iimmmtLTN, n' -$> (7-7*u 

y-l— <;W — N, N' -^i-My^-^y (a 
-NPD) £5 0nm(P, IStM t LT HJ X (8-+/ 
'J/7h) 7;b5-^A (A 1 q 3) ^5 0mmKMM 
tc&OWWBl&L, ^©±{c«?aAtt^1ilt LT3> 
^^;l/*;UA75 FjgifiHc, h'JX (8-*/"jy7 
h) 7/1/5 X? A (A 1 q 3) 5 OtMtt/ (8- 
+/'J/7h) (Li q) SO^/VM&Oftd- 

Xtfyn-F^ff^fctc^ TJltfft 
SftTVSCfcfcBt^Lfco E Lfgftfctff tbtlKfri 
It, M?7&©Zlfi«0. 5% («W#SP) T» 

[0 16 4] it«fJ3 
*SIP 1 t*5^T> fl?ftAttWI8Jf ©0IJ*fb£% C - 
1 ©ffcb DtC 2 5 °CT'©W«H«fi- 1 . 6 9 5V 

(ft*H»4. 3eV) ©A 1 (\\\)*m?Z>7*Z=f-)W 

TsaEL*?*^ coi^iuLmtifetaE 

L*?© I 0mA/m 2 T'©ffa«2cd/m 2 (7. 5 V) T*& 

[0 l 6 5] 
[{bi 3] 




[0 l 6 6] Hfifi«l7 

hUX (8-*/'J/7H 7;b5x>7A (A l q 3 : 
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fll*{b£ftlE-l 5) 5 (8-+/D/ 
^F) Uf-^A (L i q : W^fb^C- 10) 5 O^E 
©&&&£$»£•£, Xlfy=i-hT3 OnmJft 

[0 16 7] C©«J:9fcLT?#5ft/cW«BE LiRiF© 1 
0 mA/cm 2 T-Off fitt 8 0 0 cd/ra 2 ( 4 . 2V) » 
fiCD«3tA^6tl, 1 0 mA/cm 2 (ArifX 
T) ^©iiffi^MWte, 2 5 OtflfflTffcofco /0 

[0 16 8] *S60»J8 

- 1 £.*m y 5ftt>*)K, (Ca(aca 
c)2) £ i o o*;V%ffl^si^WSHfi&$J l tiai^cb 

TMmvLmi-mmco c©£5fcLTf#sn/cwi$E 

L*f©l 0 mA/cm 2 TCQlSfJt^OOOcd/iJi 2 (4. 0V) T* 
HfetDfgft^f 5>n, 1 0 mA/cm 2 5£H)5itffiSjT*© 

Sie*M»!tt4 o omm-v&^r^ 
[oi6 9] imm4 
a xmmm 1 1 t , «bi^ c-8^ioot 20 

;l/%mv^T^*T'^fi)E-r§iXH«SSS^J8 ilPfiBc LT 
filELlfmc ilcOJ;9(cLTtfP.n^«EL 
H?© 1 0mA/cm 2 -ecD»fi(;!;8 0 0cd/m 2 (6. 8V) T* 
*!fe©S8Jfc##£>n, 1 0 mA/cm 2 ^iSIESlT'© 

n&^mmit 1 o ob^t-so/co 
[0170] mmmv 

mr&xmmm^ vmit&mc- 1 tf^ib^iE 

-i t£ffl^£frfc> C-8£5 0t;l/%, flJjSfb 
£1%E-14 (A 1 cD*/'J/^M6§a#0 £5 0*;!/ 

tffco CO^^CLTff P»n/c^«E L*fO 1 OmA/c 
m 2 -C 5 ©iE|]ttt2 1 0 0cd/m 2 (4. 0V) HSfe© 
fgT'fi^tfP.n, 1 0 mA/cm 2 £W^lS?-©){?S¥$lffitt 

5 o om3v3b-z>rz 0 
[0171] mm® i o 

«?ttAtt*«MI t LT, ffH^fk^* C - 8 * 9 5 % 

- • j/ij S R 2 1 0 2) * 5 % (JMW 

©<£ 5 (c LTS6hfe#»E LfR?© 1 0 mA/cm 2 TOW 
Sttl 3 0 0cd/m 2 (5. 5V) T'feO, i|§fe©f&tt;W# 
5 ft, 1 0 mA/cm 2 £tt??itIg®jT©jBS¥«$« 5 0 01% 

[0 17 2] MMWl 1 

•^ffiAtt^aMiK, mantle- 1 t&mt^E 

-\ t*m^%frt>>0\C tflJ^fb^C- 1 8 (Caffl 
#U v-(fi) * 1 0 0 ; 6;l/%fflV>*wntt^aE«S 1 tlRl 
«K:LTflEL*f4»ft 0 c©<fc^;:LTf#5>fifc 
tlEL 1 0 mA/cm 2 T-©J¥fifct 2 0 0 0 cd/m 50 



#082 0 0 3-3 4 7 0 6 1 
2 (5. 0V) T>h<0, «fe©a)t*^6n, l OmA/cm 2 

s*«aB»?©»a[^»»!tt 3 o oi$nT*^fc. 
[0173] mmmi z 

- 1 tfcffl^SfrfrtHC, M^fk^C-l 7 (Ca© 

- l *5 o«>i/%fflV'«Uftid:Xtt0V i tmm^LTfi 

?© 1 0 mA/cm 2 T'OWStt 2 0 0 0 cd/m 2 (3. 8 V) T 
&*K m&<Dmmmt>tl, l 0 mA/cm 2 JtWMBftlT'© 

3 0 OWSofc 
[0 17 4] *S6$Jl 3 

*FaAtt#»«fc, «9^t-&«ic- 1 t^fk^tiE 

- 1 fc&ffl^fcAvbDte, IBI^ffc^C- 1 9 (Ca7 
/Un+S-' F) £ 5 0^;U%, {f9*{b£ftlE - 1 4 % 5 0 
^l/%fflV^5«Wi^aS«9 1 fcW«teLT*«E 
£t#fc 0 COi^tLTtf SnfeWilE LiSfOl 0mA 
/cm 2 T-©SS?fi« 1 9 0 0cd/m 2 (3. 8V) iSfe 
©»}ftW»&tl, 1 0 mA/cm 2 £mffi»T*©fffi¥W 
{±5 0 ONfHTfeofeo 

[0 17 5] jlMIJl 4 

- 1 fcfcffl^SfrfrOfc:, #I^{bl^C-2 6 (Sm7 
;l/3*i/F) £1 0 0*/l/%ffl^3J^tt«*SE$ll ^IBI 

WiE LfR?© 1 0 mA/cm 2 TWfflSfi 1 6 0 Ocd/m 
2 (4. 8V) SfiOfSttft^tU 1 OmA/cm 2 

^«SfiB»-eOWa¥S»U4 3 0 OBtHT-fco/co 
[0 17 6] H«l 5 

- 1 fcJfeffiVSSjWaOfc, M^fk^C-12 (EuO 
/^7it>bnUy») *1 0 0t;V%fflV>SJ-X 
^tt^MDl tP«{CLTW«E L*?*»fc. Mi 
5KLT»6nfc#«E L*?© 1 0 mA/cm 2 TOWfif* 
1 6 0 0cd/m 2 (3. 7V) TfeO, ^fe©%^*^P. 
n. 1 OmA/cm 2 SII)^lgl!)-e©®a«^tt3 5 oms 

[0 17 7] HfififJl 6 

- 1 fcfcffl^SfrfcOfc:, W(^b-&tlC-2 5 (Ba© 
WKtfi) 5 0 ffil^lb^* E - 1 4 £ 5 0 

fto il©<kd(CLTf§&nfc#ttlE LIR?© 1 OmA/cm 2 
TOWfittl 5 0 0cd/m 2 (4. 0V) T*SD> ^fe©fg 

0 O^HTSoft. 

[0178] nmm \ i 

^7X»t6±ti/-hfiKl 5Q/DOITO 
^A^:**^ F) BS*TOSnT^SWS©±fc, 
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y x;l/* v» t<ol y v-©g£*#a«) %xeya 

— h T 4 0 nm©§tJPfcJ|M bfc 0 
[0 17 9] *-;U*^*58)fcJi;£JBJSb 

* OS (P-2) -WK*ti*{k*W) *1. 5% (MM 

nmOlUPfcJ&Rbfc. 

[0 18 0] ^(c, «?aAttJi*Xt!>n-hT-ffM 
bfc. xf-;H2py;i/7jS^{c, 7;V5x*Ahyxh /o 

**k*o. 5% (nmsftm '■femtftzxiimm 
o*c-ffjcsiai*iiwwfo^. ±iB©KPtt> ^tn 

[0 18 1] f-O±KfiJfffi*JS»Tflgfiabfe 0 
8*iA 1*2 0 0mi©§iJPfcjS«U Jgfigbfc. 

[0182] 6hfe*?*7ii/dr>'*x3iB«* , pff 

ffitfctcl5> 8JKU©1 0mA/cm 2 T'OWJgti 1 8 0 0c 
d/m 2 , HEfcti 3 . 8 V 1 OmA/cm 2 feWffim. 

m (a r #xt) -?ommw.m*s 6 o o^bw^ 20 
[0183] mmmi 8 

yxh+^FthyX (8-*/U/7h) 7;U = x>> 
A (Alq3) *1 : 1 (MJt) Til^bfcSfScfcJB^T 

jsku «mwt«*jejsbfc£w, an 7tn 

«fcLT#?*«J*Lfc. 

[0 18 4] gttffln 7 fcHfilfcii P.nfc^^fflL 
fete 5, fflffiOl OmA/cm 2 T'OWfite 1 5 0 0cd/ 
m 2 , «E(i4. 1 OmA/cm 2 30 

(A r #XT) ?©Wfi¥«Hitt, 5 0 OB^T'&o 
fc„ 

[0 18 5] HSfifllJl 9 

7;l/5x? A h ij x h F Ottfc "9 {cTfE«Jg<07;b 

rtLfctW, $11091 7 tP«lfcbTSK7£ffMbfc:o 
[0 18 6] 
[ffcl 4] 
CH 3 CH 2 (^ 

H \_X OC2H4O-I- Mw=12,000 

[0187] mmmi 7 £nafctt&tifc*?ftmui 

fctC 5, WW© 1 OmA/cm 2 TOSgti 1 8 0 Ocd/ 
m 2 % *JE«4. 1 OmA/cm 2 S«MtlgI) 

(A r #XT) T ©WS#SEW«> 8 0 OBSIIBT&o 
ft. 

[0 18 8] tlM2 0 JO 



#Pw1 2 0 0 3 - 3 4 7 0 6 1 
40 

7;1>5X'>A b U x h + -> F<Ofl£*>9 7M-^i |> ij 

■*»rtbfcfiW, 7 i:ffi«(c bTffrPfcJ&S 

Lfe„ 

[0189] uttM 1 7 1 mmiz® ztitcMTzmm b 

fctCZ, WfflCD 1 OmA/cm 2 TOWSti 1 5 0 Ocd/ 
m 2 , mm* 4. 0Ve$^ l OmA/cm 2 £«ftBf| 
(A r #XT) T?©»8¥iB«!tt, 4 5 OBM 1 ?*? 

[0190] mmm2 1 

7;!/ 5 x ? A h y x h * F©ftfr 5 CRiv y # y £ 
09 1 7 fclH&K Lt*f«l/c„ 

[0191] mmmi 7 tmmcn£>nrc%?*wmL 

/ctC5> lOfflOl OmA/cm 2 TCWfitt 5 0 0cd/m 2 
, *JEtt4. 4Vf*D> 1 OmA/cm 2 SWOT®) 
(A r#XT) T'OiS?S«lBtt, 2 5 0l*IH-?fco 

[0 19 2] *S£M2 2 

7;l/ 5 x fj A h "J x h * i/ F©ftfr t> fc f - F 9 1 n 
•>->*/l/X-:^ Afcffll^T 3 nm©BD¥C«fi£AttJl ; &JI2 

[0193] -m.m 1 7 tiwiait#e>nfc^*i¥ffiL 

TctC 5, MH©1 OmA/cm 2 T'©Wfitt 6 0 0cd/m 2 
, HEtt4. 4VT-&D, 1 OmA/cm 2 SWOTS) 
(A r #X~F) "£©Wfi¥«5!(i:, 3 0 O^HWo 

fee 

[0 19 4] tt>K0iJ5 

7;U5x>> A F U X h+^> FJiO^t) 1 ? tdjfoi/? AH 
*6mO«jPfc:il»ffi1?*jabft«^, an 7 tin 

[0195] wmmi 7 tvm\cm&tatm^*tmL 

tctz. 5, OTcDl OmA/cm 2 TOW Sti 9 0 0 cd/m 2 
, *fftt3. 9Vf$5, 1 OmA/cm 2 SSOT»J 
(A rSXT) TO»a*SE«Stt, 1 2 OBtlHTSo 

[0 1 9 6] Jt«ffS6 

[0197] mmmi 7 tmm^mbnrzm^mmL 

fztCZ, WM(D1 0mA/cm 2 TOWfi^Ocd/m 2 t 

fee 

[0 19 8] J±«fi«7 

7^5x?AFyxF*i/F»<0fW^£M;x(8- 
+y'jy^h) 7;l/ = x>j7A (Alq3) H*2nmcD^Jl^ 

[0 19 9] Sll 1 7 tra«fc#5,tlfe*?*Mb 
tctCZ, ®n<r>\ OmA/cm 2 TOSgti 1 0 0 cd/m 2 
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s «£Ett6. OV 1 OmA/cm* j£« 

(A r #XT) T*©ffK¥SBmi, 8 Olf RBTfcrjfc. 
[0 2 0 0] 
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